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SPECIFICATION 

FLUID CONTROL DEVICE 

5 TECHNICAL FIELD 

The present invention relates to fluid control devices, 
and more particularly to a fluid control device which is of 
- the normally open type or normally closed type as determined 
in accordance with the direction of the biasing force of a 
10 spring incorporated therein and wherein a fluid channel is 
opened or closed by the supply or discharge of compressed air. 

BACKGROUND ART 
Normally' closed fluid control devices are already known 

15 which comprise a valve case having a fluid channel, a valve 
element holder upwardly or downwardly movable for holding a 
valve element for opening or closing the fluid channel, a lower 
casing attached to a bonnet provided on an upper portion of 
the valve case, an. upper casing joined to the lower casing, 

20 a valve stem disposed in a space defined by the upper and lower 
casings and having a lower end in bearing contact with the valve 
element holder, a piston secured to the valve stem by a 
retaining ring, and a compression coil spring bearing on and 
retained by the top wall of the bonnet and a flange provided 

25 on the valve stem so as to be positioned below the bonnet top 
wall. The fluid channel is opened by admitting compressed air 
into a lower space formed between and defined by the lower 
surface of the piston and the upper surface of bottom wall of 
the lower casing (see, for example, the publication of JP-A 
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No. 11-256578, pars. 0002 to 0003 and FIG. 3). 

The normally closed fluid control device may be modified 
into a normally open fluid control device by providing a 
compression coil spring as held between a lower portion of a 
5 bonnet and a flange provided on the valve stem so as to be 
positioned above the bonnet lower portion and introducing 
compressed air into an upper space formed between and defined 
by the upper surface of the piston and the lower surface of 
top wall of the upper casing. 

10 With the conventional fluid control devices described 

above, the normally closed type and the normally open type are 
handled as different individual devices, such that when 
designing one of these two types, no consideration is given 
to the interior construction of the other type. Accordingly, 

15 the control device of the normally open type and that of the 
normally closed type as used on the same piping system are very 
great in the combined number of components. 

An object of the present invention is to provide a fluid 
control device which is useful for providing fluid control 

20 devices of the normally closed type and the normally open type 
which are reduced in the combined number of components. 

DISCLOSURE OF THE INVENTION 
The present invention provides a fluid control device 
25 comprising a valve case having a fluid channel, a valve element 
holder upwardly or downwardly movable for holding a valve 
element for opening or closing the fluid channel, a lower casing 
provided on an upper portion of the valve case, an upper casing 
joined to the lower casing, a valve stem disposed in a space 
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defined by the upper and lower casings and having a lower end 
in bearing contact with the valve element holder and a piston 
secured to the valve stem, an upper space being formed between 
and defined by an upper surface of the piston and a lower surface 
5 of a top wall of the upper casing, a lower space being formed 
between and defined by a lower surface of the piston and an 
upper surface of a bottom wall of the lower casing, the fluid 
control device being characterized in that a compression coil 
spring is provided in one of the upper space and the lower space 
10 for biasing the piston, a compressed air admitting passageway 
being in communication with the other of the upper and lower 
spaces. 

When the compression coil spring for biasing the piston 
is provided in the upper space with the compressed air admitting 

15 passageway in communication with the lower space, the fluid 
control device of the invention serves as a fluid control device 
of the normally closed type wherein the piston is biased 
downward axially of the device. When the compression coil 
spring for biasing the piston is provided in the lower space 

20 with the compressed air admitting passageway in communication 
with the upper space, the fluid control device of the invention 
serves as a fluid control device of the normally open type 
wherein the piston is biased upward axially of the device. 
Accordingly, the normally closed fluid control device and the 

25 normally open fluid control device can be obtained by using 
the valve case, valve element, valve element holder, lower 
casing, upper casing, valve stem and piston as common 
components. This reduces the combined number of components 
of the fluid control devices of the two types. 
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The valve stem and the piston may be made separate members 
and then connected together, but it is desirable to provide 
the valve stem and the piston in the form of an integral member . 
This eliminates the need to secure the piston to the valve stem 
5 with a retaining ring, decreasing the number of components and 
resulting in improved pressure resistance. 

Further it is desirable to provide a spring bearing 
annular recessed portion in each of the top wall lower surface 
of the upper casing and the bottom wall upper surface of the 

10 lower casing. In the fluid control device of the normally 
closed type, the compression coil spring is then retained by 
the annular recessed portion of the top wall of the upper casing, 
while in the fluid control device of the normally open type, 
the compression coil spring is retained by the annular recessed 

15 portion of the bottom wall of the lower casing. The coiled 
spring required for the control device can therefore be 
retained in place regardless of whether it is of the normally 
closed type or normally open type. 

Preferably, the top wall of the upper casing is provided 

20 with an internally threaded portion having an upward opening 
for connecting a compressed air admitting pipe and a compressed 
air admitting downward passage opened to the upper space and 
extending from a lower end of the internally threaded portion. 
The compressed air admitting portion can then be used in common 

25 for the normally closed type and the normally open type. For 
introducing compressed air into the lower space in the normally 
closed type, a compressed air passageway is formed in the piston 
for causing the downward passage to communicate with the lower 
space . 
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As a preferred embodiment of fluid control device, the 
fluid control device is of the normally open type, wherein the 
compression coil spring is retained by the lower surface of 
the piston and the annular recessed portion in the lower casing 
5 upper surface. Alternatively the fluid control device is of 
the normally closed type, wherein a spring bearing annular 
recessed portion is formed in the upper surface of the piston, 
and the compression coil spring is retained by the annular 
recessed portion of the piston and the annular recessed portion 

10 in the upper casing lower surface, the piston having an upper 
small-diameter portion fitted in the downward passage of the 
upper casing, the piston being provided with a compressed air 
passageway communicating at an upper end thereof with the 
downward passage in the top wall of the upper casing and at 

15 a lower end thereof with the lower space. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a sectional view showing a first embodiment 
of fluid control device (of the normally open type) according 
20 to the invention. 

FIG. 2 is a sectional view showing a second embodiment 
of fluid control device (of the normally closed type) according 
to the invention. 

25 BEST MODE OF CARRYING OUT THE INVENTION 

Embodiments of the invention will be descried below with 
reference to the drawings. In the following description, the 
terms "left" and "right" refer respectively to the left- and 
right-hand sides of the drawings. 
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FIG. 1 shows a first embodiment of fluid control device 
of the present invention. 

The fluid control device 1 of this embodiment is of the 
normally open type and comprises a valve case 2 provided with 
5 a fluid inlet channel 2a and a fluid outlet channel 2b, an 
annular valve seat 3 formed around a peripheral edge defining 
an opening of the inlet channel 2a, a diaphragm (valve element) 
4 movable into or out of pressing contact with the valve seat 
3 for closing or opening the fluid channel 2a, a disk (vale 

10 element holder) 5 movable upward or downward for holding the 
diaphragm 4, a bonnet 6 fitted around the disk 5, a lower casing 
7 disposed on an upper portion of the valve case 2, an upper 
casing 8 joined to the lower casing 7, a valve stem 9 disposed 
within a space defined by the upper and lower casings 7, 8 and 

15 having a lower end in bearing contact with the Valve element 
holder 5, a piston 10 secured to the valve stem 9, and a 
compression coil spring 11 for biasing the piston 10 upward. 

The valve case 2 .has a cavity 2c which is open upward. 
The inlet channel 2a has one end which is open leftward and 

20 the other end which is open at the center of bottom wall of 
the cavity 2c. The outlet channel 2b has one end which is open 
rightward and the other end which is open at a right portion 
of the bottom wall of the cavity 2c. 

The disk 5 is in the form of a solid cylinder and has. 

25 a flange 5a at its lower end. The bonnet 6 is in the form of 
a hollow cylinder and has a lower-end inner periphery defining 
a large-diameter portion 6a having an inside diameter slightly 
larger than the outside diameter of the flange 5a of the disk 
5. The bonnet 6 is tightly fitted in the cavity 2c of the valve 
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case 2 and secures the outer peripheral portion of the diaphragm 
4 to the valve case 2. The disk 5 is loosely fitted into the 
bonnet 6 from below. Although immovable upward in the 
illustrated state (channel opening state) , the disk 5 is 
5 movable downward (channel closing direction) . 

The lower casing 7 comprises a bottom wall 7a, a hollow 
cylindrical peripheral wall 7b upstanding from the bottom wall 
7a and having an externally threaded portion on its outer 
periphery, and a hollow cylindrical downward projection 7c of 

10 small diameter extending downward from the bottom side of the 
bottom wall 7a and having an internally threaded portion on 
its inner periphery. The internally threaded portion of the 
downward projection 7c is in screw-thread engagement with an 
externally threaded portion of a peripheral wall of the valve 

15 case 2 which wall defines the cavity 2c, whereby the lower 
casing 7 is secured to the valve case 2. The bonnet 6 is 
provided on its top with an annular ridge 6b serving as a stopper 
when the lower casing 7 is tightened up. 

An annular recessed portion 12 for retaining the 

20 compression coil spring 11 is formed in the upper surface of 
the bottom wall 7a of the lower casing 7. A through bore 13 
is formed in the bottom wall 7a of the lower casing 7 centrally 
thereof for guiding the valve stem 9 upwardly or downwardly 1 
movably . 

25 The upper casing 8 comprises a top wall 8a and a hollow 

cylindrical peripheral wall 8b. The peripheral wall 8b has 
an internally threaded portion, which is screwed on the 
externally threaded portion of peripheral wall 7b of the lower 
casing 7, whereby the upper casing 8 and the lower casing 7 
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are joined to define a space inside thereof - The top wall 8a 
of the upper casing 8 is provided with an internally threaded 
portion 14 formed in the center thereof and having an upward 
opening for connecting a compressed air admitting pipe, and 
5 a compressed air admitting downward passage 15 extending from 
the lower end of the internally threaded portion 14. The top 
wall 8a of the upper casing 8 has a central portion slightly 
projecting downward beyond the other portion thereof and is 
provided in its lower surface with a spring bearing annular 

10 recessed portion 16 around this central portion. This 
recessed portion 16 is used in the normally closed fluid control 
device 21 to be described later. 

The valve stem 9 is formed integrally with the piston 
10 so as to be a portion projecting downward from the center 

15 of the piston 10. The piston 10 comprises a large-diameter 
portion 10a slidably fitted in the upper casing 8 and serving 
as the main body of the piston, a small-diameter portion 
(already described as the valve stem) 9 slidably inserted 
through the center bore 13 in the lower casing 7, and a 

20 connecting portion 10b interconnecting the two portions 10a, 
9 and having a diameter intermediate between the diameters of 
the two portions 10a, 9. An O-ring 17 is provided between the 
large-diameter portion 10a of the piston 10 and the upper casing 
8. An O-ring 18 is provided also inside the center through 

25 bore 13 of the lower casing 7 around the small-diameter portion, 
i.e., the valve stem, 9 of the piston 10. 

A lower space S2 for the compression spring 11 to be 
disposed therein is formed between and defined by the lower 
surface of large-diameter portion 10a of the piston 10 and the 
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upper surface of bottom wall 7a of the lower casing 7. The 
compression coil spring 11 is fitted around the connecting 
portion 10b of the piston 10 and has an upper end bearing against 
and retained by the lower surface of large-diameter portion 
5 10a of the piston 10 and a lower end retained by the spring 
bearing annular recessed portion 12 of the lower casing 7. An 
air vent 19 communicating with the lower space S2 is formed 
in the upper casing 8 so as to be positioned a small distance 
above the upper end of the lower casing 7. 

10 In the channel opening state illustrated, the upper 

surface of large-diameter portion 10a of the piston 10 is 
brought into contact with the lower surface of top wall 8a of 
the upper casing 8 by the biasing force of the compression coil 
spring 11. An upper space SI serving as a compressed air 

15 admitting space is formed between and defined by the upper 
surface of large-diameter portion 10a of the piston 10 and the 
lower surface of top wall 8a of the upper casing. Compressed 
air for moving the piston downward is introduced into the upper 
space SI through the pipe connecting internally threaded 

20 portion 14 of top wall 8a of the upper casing 8 and the downward 
passage 15 extending from the portion 14. 

FIG. 2 shows a second embodiment of fluid control device 
of the present invention. In the following description, the 
same components or portions as in the first embodiment will 

25 be designated by like reference numerals and will not be 
described repeatedly . 

The fluid control device 21 of this embodiment is of the 
normally closed type and comprises a valve case 2 provided with 
a fluid inlet channel 2a and a fluid outlet channel 2b, an 
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annular valve seat 3 formed around a peripheral edge defining 
an opening of the inlet channel 2a, a diaphragm (valve element) 
4 movable into or out of pressing contact with the valve seat 
3 for closing or opening the fluid channel 2a, a disk (vale 
5 element holder) 5 movable upward or downward for holding the 
diaphragm 4, a bonnet 6 fitted around the disk 5, a lower casing 
7 provided on an upper portion of the valve case 2, an upper 
casing 8 joined to the lower casing 7 , a valve stem 29 disposed 
within a space defined by the upper and lower casings 7 , 8 and 

10 having a lower end in bearing contact with the valve element 
holder 5, a piston 30 secured to the valve stem 2 9, and a 
compression coil spring 31 for biasing the piston 10 downward. 

The valve stem 29 is formed integrally with the piston 
30 so as to be a portion projecting downward from the center 

15 of the piston 30. The piston 30 comprises a large-diameter 
portion 30a slidably fitted in the lower casing 7 and serving 
as the main body of the piston, a lower small-diameter portion 
(already described as the valve stem) 29 slidably inserted 
through a center through bore 13 in the lower casing 7, an upper 

20 small-diameter portion 30b slidably fitted in a compressed air 
admitting downward passage 15 in a top wall 8a of the upper 
casing 8, and a connecting portion 30c interconnecting the 
upper and small-diameter portion 30b and the large-diameter 
portions 30a and having a diameter intermediate between the 

25 diameters of the two portions 30a, 30b. A spring bearing 
annular recessed portion 32 is formed in the upper surface of 
the large-diameter portion 30a so as to be opposed to a spring 
bearing annular recessed portion 16 formed in the top wall 8a 
of the upper casing 8. 
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With this embodiment, an upper space S3 formed between 
and defined by the- upper surface of the large-diameter portion 
30a of the piston 30 and the upper surface of top wall 8a of 
the upper casing 8 serves as a space for the compressed coil 
5 spring 13 to be provided in. A lower space S4 formed between 
and defined by the lower surface of large-diameter portion 30a 
of the piston 30 and the upper surface of bottom wall 7a of 
the lower casing 7 serves as a compressed air admitting space. 
An air vent 19 communicating with the upper space S3 is formed 

10 in the upper casing 8 so as to be positioned a small distance 
above the upper end of the lower casing 7. This air vent 19 
is formed at the same position as the one communicating with 
the lower space S2 in the first embodiment. This makes it 
possible to use the upper casing 8 in common for the normally 

15 open type and the normally closed type although the spaces S2 
and S3 are different in function. 

An O-ring 17 is provided between the large-diameter 
portion 30a of the piston 30 and the lower casing 7. An O-ring 
18 is provided also between the lower small-diameter portion, 

20 i.e., the valve stem, 29 of the piston 30 and the peripheral 
surface of the lower casing 7 defining the center through bore 
13. An O-ring 33 is further interposed between the upper 
small-diameter portion 30b of the piston 30 and the inner 
peripheral surface of the upper casing 8 defining the 

25 compressed air admitting downward passage 15, whereby the 
compressed air introduced into the downward passage 15 is 
prevented from flowing into the upper space S3. 

The compression coil spring 31 is fitted around the 
connecting portion 30c of the piston 30 and has a lower end 
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retained in the annular recessed portion 32 formed in the upper 
surface of large-diameter portion 30a of the piston 30 and an 
upper end retained in the annular recessed portion 16 in the 
upper casing 8. 

5 The piston 30 is provided with a compressed air 

passageway 34 having an upper end in communication with the 
downward passage 15 in the top wall 8a of the upper casing 8 
and a lower end in communication with the lower space S4. The' 
passageway 34 extends through the upper small-diameter portion 

10 30b, connecting portion 30c and large-diameter portion 30a of 
the piston 30 axially thereof, and this axial passageway 
portion has a lower end positioned within the lower 
small-diameter portion, i.e., the valve stem, 29, A radial 
passageway portion 34a extends from the passageway portion 

15 lower end through the lower small-diameter portion 29 radially 
thereof, whereby the passageway 34 is caused to communicate 
with the lower space S4 . The compressed air for moving the 
piston 30 upward is introduced into a compressed air admitting 
pipe connecting internally threaded portion 14 of top wall 8a 

20 of the upper casing and the downward passage 15 extending from 
the portion 14, and admitted into the lower space S2 via the 
passageway 34 and the radial passageway portion 34a at the 
lower end thereof. 

25 INDUSTRIAL APPLICABILITY 

The present invention provides a fluid control device 
which is of the normally open type or normally closed type as 
determined in accordance with the direction of the biasing 
force of a spring incorporated therein and wherein a fluid 
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channel is opened or closed by the supply or discharge of 
compressed air. The two fluid control devices of the normally 
closed type and the normally open type can be reduced in the 
combined number of components. 



